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VERFAHREN 
STOCKEN 



ZUR STEUERUNG EINER ANLAGE ZUR PLASM ABEHANDLUNG VON WERK- 



The. invention relates to a process for controlling an installatio n for 
p lasma trea tme nt of work pfeces. The installation has a constant volta ge' 
<if>nfrft far pf orfiiqfl fl a glow discha rge voltage V, which includes a control 
unit for controlling the magnitu3e of. the glow: discharge voltage V and a 
switch unit which can periodically switch' oU'lhe glow discharge voltage V in. 
various pulse-pause rat ios; The installation also has : a : senso r for measuring 
ii^-. r^-. . . * * {q the control unit so 
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the temperature or the workpiece, which is 

that the glow discharge, y"^^ v is i ncreased if the measured temperatur e is 
less than a given treatment temperat ure and decreased n tfre measured tem- 
perature is greater than the treatment temperature. The glow discharge JlpJL, 
Jage V isa fi5Tiffi^e& so that if it falls below a lower threshold value the pu ^-paiise ratiq nf the glow discharge voltage V is re- 
^ducecTand if it exceeds ah upper threshold Value the pulse-pause ratio is increased. ^> . 

<: • • v. ^ ■;• ■'y"'r r - - >4L 

(57) Zusammenfassung 

: Bei dem Verfahren zur Steuerung einer Anjage zur Plasmabehandlung von WerkstOcken weist die Anlage eine Gletchspan- 
nungsquelle fUr die Erzeugung einer Glimmentladurigsspannung V auf, die einerseits eine Regeleinheit zur Regelung der Hdhe 
der Glimmentladungsspannung V und andererseits eirie Schalteinheit umfasst, durch welche die Glimmentladungsspannung V in 
unterschiedlichen Puls-Pausen-Veraltnissen periodisch unterbrochen werden kann. Weiterhin hat die Anlage einen die Tempera- 
tur der WerkstUcke erfassenden Sensor* der mit der Regeleinheit so verbunden ist, dass die Glimmentladungsspannung V hochge- 
regelt wird, wenn der erfasste Temperaturwert unterhalb einer vorgegebenen Behandlungstemperatur Uegt und erniedrigt wird, 
wenn der erfasste Temperaturwert Ober der Behandlungstemperatur ilegt. Die Glimmentladungsspannung V wird dergestalt Goer- 
wacht, das bei Unterschreiten eines unteren.Schwellenw^ der Glimmentladungsspannung V ver- 

ringert wird. Bei Oberschreiteri dries obereh Schwellenwertes wird das Puls-Pausen-Verhaltnis vergrdssert. 
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Title: Method for Controlllni i a System for the Plasma Treatment of Workplaces 

The invention pertains to a jnethod for controlling a system for the plasma treatment of workplaces, 
especially a system for plaaf ta nitridlng. 

A method of this type Is air »dy known from German Patent 1 053 806, which goes back to the legal 
predoeoator of the applicant, in wMch the temperature of workpleces in a discharge vessel is detected 
by a pytw«tet Mrvin 8 as ajrensor, and the test voltage picked up at the pyrometer, which is proper- 
Honal to the temperature. ]s>«d-lo regulate the level of the glow-discharge voltage, The gas pressure 



in the »y*tem it also varied tb control the electrical glow discharge in this previously known method. 

Gctimr P»tent.Wii?l.jvhJ^gOM (back to the same owner, describes a method for controlling a plasma 
treatment, tawhlch the gas discharge Is designed to occu r discontinuous ly by, among other meins, influ- 



encing an electrical determinant. The gas discharge t hen no longer acts continuou sly, as was formerly 
customary, but rather in the jform of pu lses, whose durations relative to the pause Intervals are adjusted 
in such a way that the mean value of th e supplied energy, taking into conside ration the Intensity of the 
pulses, gives the desired temperature values of the treatment temperature. 

To be sure, c ycling or pulsli & of the d ischarge proc ess provides an additional means of controlling the 
plasma treatment (in additltm to r egulation of discharge volt age). However, this does not solve the 

!)the voltage andijSulae-pause rattain concrete cases of workpiece 



problem of how one can act jally^ 
treatment;. In particular, th*e is indication as to how the two parameters can be adjusted relative to 

each other to achieve the bej* possible plaama treatment results. 

The goal of the invention wis to develop a method for controlling a system for the plasmn treatment of 
workpleces, which would albw automatic adjustment and thus an automated operation. 

Starting from the previous^ known method foT controlling a system for the plasma treatment of work- 



pi«c«a, especially a plasma 



rtitrtding lystem, this goal Is achieved by the features of Patent Claim 1. 
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The specific selection of the controlled quantities and the type of control allow for very effective influ- 
ence on the course of the plafiana treatment and at the same time allow a simple control sequence. The 
operation of the system is grtatly simplified overall, In accordance with the invention , the peak val ue 
of the glow-discharge voltagq U monitored and compared with a suitable predetermined lower thresh- 



old value, which is selected In such a way that significant glow problems do not yet appear at this 
value Iff Starting from a hi{ ^er glow-discharge voltage, the lower threshold value Is reached, either 
cycling of the gJow-discharg< voltage la Initiated with a certain time delay (but then a large pulse and 
a small pause component is used, e.g., 90 : 10), or, if the system is already operating in a cycled opera- 
Jlon,>JLwjtch L madejoa pufee-pause ratio with a higher pause component. 



This switch reduces the averi ige~power applied lo the surface of the workplece. This In turn lowers the 
workplece temperature. Ho- irever, since this is automatically controlled by the power supplied to the 
surface of the workplece, th< temperature regulator increases the glow-discharge voltage in the pulse 
times, which U also accomp* lied by an increase in the pulse current. Aa a result the temperature of the 

workplace rises again. 

if the glow-discharge vottagt (during the pulse times) continues to remain below^he lower threshold 



^ ^alu epthe next pulse l evel with a atill higher pause component cuts in after a certain time delay. This 
continues unt il either a pre* t end level of the pulae*pausc ratio is reached or the glow-discharge volt- 



age exceeds the lower threat bid value. 

If a secondX^her threahok iTolu^ is then exceeded, the pulse levels are slowly switched back again 



until the peak voltage remaihs between the lower and the upper threshold value. If the pulse current 
reaches the nominal currentjof the electric system at pulses that are too short and pauses that are too 
long, the pulses are automatically lengthened again, so that the pulse current is automatically reduced 
by the temperature reguiato 
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I 
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C^ut omaa^ operatlon of a plai ma treatment can be achieved In this way. Automatic control of this kind 
la *ap«cially Important for large batches, in which the mean glow-discharge voltage is small due to 
the mutual heating, or for th trmally insulated containers. In such batches. If a high pressure must be 

used because of the geometry of the workpieces, glow problems can easily ari$6, with Ihe result that 
the surfaces are not harden© L or are only incompletely hardened. The method of the invention allows 

an optimal course of the pU* M treatment even in cases such H th*tt. 

The control method of the indention is especially important for rewlating Afi ^auillbrium state during 
a plasma treatment, i.e., whim the charge has already been heated and is now near the desired treat- 



ment temperature. 



In a preferred modification 



voltage Hrst be applied cont nuously or at least quasl«oontinuously at the beginning of a plasma treat- 



ment, and that the pulse stefc be switched on only later. In this way, the workpiece heating process is 



monitored only towards its 



of the method of the invention, it is proposed that the glow-discharge 



accelerated, and thus the total time of the plasma treatment is shortened. 

It is also advantageous If, lit the beginning of the plasma treatment the glow«discharge voltage Is 



lower threshold value. Monitoring of the upper threshold value becomes 



necessary only after the gl o fr-discharge voltage has fallen bebw the lower threshold value and then 
rises again to exceed (he upier threshold value. 



In an advantageous 
tha poise-pause r ario. Accordingly 



modification, voltage control by the control unit takes precedence oversd}ustmenj of 



In accordance with the 
ual pulse steps in discrete 
but control in discrete steps 



the pulse-pause ratio is not changed until the possibilities of exclu- 
sive voltage regulation havdbeen exhausted. 



invention, it is also advantageous to adjust the pulse-pause ratio of the Individ* 
values. Continuous adjustment of the pulse-pause ratio is basically possible, 
more easily realized and leads to more stable control circuits- 
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The method f the Invention san be used both for pulse systems w ith pulse-pause ratios In the injcroyec; 
ond range and for slowly, liftentiittently operated (cycled) dlT*ct-<urrent system*. It is basically Inde- 



pendent of the selected durat Ion of a work cycle. 

The lime constant, after whl*h a change is made in the pulse-pause ratio, is preferably selected greater 
than the duration of a few periods of the pulse-cycle ratio. This prevents short-term disturbances from 
causing a switch to other pulw steps when such a switch is not yet necessary in accordance with the pro- 



cess. 



The sequence of the methoc 
two graphs. 



The left side of the graphs 
electric power P is required 



of the invention will now be explained in greater detail with reference to 



Kgure 1 is a graph of the ele ctric power P as a function of time. 

Figure a Is a corresponding graph of the glow-discharge voltage V as a function of time with the same 
time intervals as Figure 1. 



I.e., at low time values, shows the heating process for a charge, A high 
for the heating process. The electric power P decrease* as the temperature 
of the workpiecee approach es the treatment temperature. Accordingly, the power curve and thua the 
curve of the glow-dlscharj * voltage V decrease. During this period, the glow-discharge voltage V 
falls to values below the lower threshold value V u . At a glow^dlscharge voltage V below V u , suffi- 
cient glow treatment of th^ entire surface of the workplece is no longer guaranteed. The system auto- 
maHcalty switches to putaej operation, Tn tf.« fl«t nube »teo the pulse-paw ratio 1$ still not VflTY pro- 
nounced. Accordingly, tho power P shows an instantaneous abrupt drop when the first pulse step is 
Twitched on at time t v but the magnitude of this drop is small. Then, since the electric power P applied 
in the unit of time is small or, th e workplece temperature drops, and this is counteracted by in creasing 
the glow-discharge voltag V. In the graph in Figure 2, this manifests Itself as a less steep decline, and 
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tto curve of glowwiischarge 
the glow-discharge voltage V 
is switched on at time t 2 afte* 
power graph In Figure 1, thii 
Figure 2, the curve becomes 



Uage V as a function of time passes through a point of inflection. Sine* 
continues to stay below the lower threshold value V u , the next pulse step 
a certain delay. At time t2 the pulse-pause ratio is 80 : 20. In the electric 
take? the form of a larger abrupt drop at time t2- In the voltage graph in 
Aren flatter. 



However, the glow-discharj 
pulse step is switched on at time 
drop In power, but this is noW 



value V u there Is * "neutral 



voltage V Is still below the lower threshold value. Therefore, the third 
t 3 . In the electric power graph in Figure 1, we again observe an abrupt 
followed by a steeper increase in the power P. 



These step* continue until, a I a predetermined pulse step (in the example under consideration here, In 
the fifth pulse step at time U), the lower threshold value V u is exceedeuagair.; ^i jong as the glo w* 

discharge voltage V is belov the lower threshold value V u , the switching unit of the voltage supply 



receives the instruction to in crease tha pause* (region "lengthen pause s' 1 ). Above the lower threshold 

region," which should be reached and maintained* It is limited on the up 



per side by the upper threshold value V 0 , above which the region "shorten pauses" is located. In the 



specific example shown here, the glow-discharge voltage V exceeds the upper threshold value V c at 
time tj, and after time t 7 it rises to values above the upper threshold value V 0 - After the preset time 

delay, the switching unit hen switches back to the fi/th pulse step, wklch had previbusly h&Tl 
switched to between times t< i and t$. 



The above-described 
V in the neutral region 



r tte 



The graph in Figure 1 also 
dance with the invention, 
A3 a result of the cycling in 
the pulse steps, the solid curve 



sequence is continuously repeated to keep the value of the glow-discharge voltage 
between the two threshold values V u and V Q . 



i hows the behavior of the power P without cycling (dotted line). In accor* 
solid line of the power curve approaches this dotted line from both side*. 
>ccordance with the invention and the corresponding method for controlling 
comes ctoser and closer to the ideal power curve (dotted curve). 
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CLAIMS 

1. Method lor con Lrolliny <a sysltiju £ui Lhe plasma 
treatment of workpieces, especially a system for plasma 
nitriding, such that the system has 

a) a direct-current sour ce for producing a glow-discha rge 
voltage V, which comprises a regulating u nit for 
regulating the magn itude of the glow-discharge vo ltage 
V and a switching unit, by which the glow-discharge 
voltage V can be perio dically interrupted in variable 
pulse-pause ratio s, and 

b) a sensor for detecting the temperature of the 
wo-ckpi.ec.es ... which sensor is connected with the 
regulating unit in such a way that the glow-discharge 
voltage V is regulated upward if the detected 
temperature value is below a predetermined treatment 
temperature and downward if the detected temperature 
value is above the treatment temperature, and 

such that the glow-discharge voltage v is monitored in such 
a way that the pulse-pause ration is reduced when the glow- 
discharge voltage V falls below a lower threshold value of 
the glow-discharge voltage V and is increased when it rises 
above an upper threshold value of the glow-discharge 
voltage v. 

2. Method in accordance with claim 1, characterized by the 
fact that, during the plasma treatment, the glow-discharge 
voltage V is first applied continuously or at least quasi- 
continuously (e.g., pulsation), and that cycling with a 
pulse-pause ratio occurs only after the voltage has fallen 
below the lower threshold value. 

3. Method in accordance with claim 1, characterized by the 
fact that the glow-discharge voltage v is above the upper 
threshold value at the beginning of a plasma treatment. 
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4. Method in accordance with claim 1, characterized by the 
fact that, at the beginning of a plasma treatment, the 
pulse-pause ratio is increased only after the lower 
threshold value has been reached* 

5. Method in accordance with claim 1, characterized by the 
fact that voltage control by the regulating unit has 
precedence over adjustment of the pulse-pause ration by the 
switching unit. 

6. Method in accordance with claim 1, characterized by the 
fact that the pulse-pause ratio can be adjusted in several 
discrete steps, especially with the ratios 90:10, 80:20, 
70:30 etc. to 10:90. 

7 . Method in accordance with claim 1 , characterized by the 
fact, that the time period of the pulse-pause ratio is in 
the range of microseconds to minutes, 

8. Method in accordance with claim 1, characterized by the 
fact that a switch to a different pulse step (with a 
different pulse-pause ratio) is not made until the voltage 
has fallen below or risen above the predetermined threshold 
value V u or V Q during a certain interval of time, which is 
at least a few cycle periods in length. 

9. Method in accordance with claim 1, characterized by the 
fact that the treatment vessel is thermally insulated. 

10. Method in accordance with claim 1, characterized by 
the fact that the pulse duration is automatically 
lengthened when, at pulses that are too short and pauses 
that are too long, the nominal current of the voltage 
source is reached during the pulses. 
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FIG. 1 1/1 
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